Background/objectives: Oral habits are common etiological factors for anterior open bites (AOBs) in growing children and adolescents. The objective of this review was to provide a literature synthesis evaluating the effectiveness of open bite correction in growing individuals with the use of habit-interception appliances. Search methods: Electronic searches were conducted on PubMed, Embase, Cochrane Library, Web of Sciences, Scopus, Google Scholar, Scielo, and Lilacs databases. Trials registries were consulted for ongoing trials, and a partial grey literature search was also conducted. Selection criteria: The selection criteria included controlled clinical trials enrolling growing subjects who underwent habit-interception orthodontic treatment to correct dental and/or skeletal AOB. Data collection analysis: Data was grouped and analysed descriptively. A meta-analysis was only possible regarding crib therapy effectiveness. Qualitative appraisal was performed according to Cochrane Risk of Bias tool for randomized clinical trials (RCTs) and the MINORS tool for nonrandomized clinical trials (nRCTs). Results: Two RCTs and nine nRCTs were identified. Most of them presented relevant limitations. Crib therapy demonstrated to be effective (+3.1 mm overbite correction). However, most of the dental effects are seemingly lost with time; and the skeletal effects are still controversial. Other habit-interception appliances, such as spurs, were not sufficiently investigated. Conclusions: Crib therapy appears to be effective on a short time basis. As for other habitinterception appliances, insufficient evidence could not provide reliable conclusions.
Introduction
In general terms, open bite can be defined as the lack of contact of opposing teeth (1) . The anterior open bite (AOB), the most common scenario, is relatively prevalent among children in the primary dentition (2, 3) . It potentially impacts their quality of life (2, 4) , and may produce speech disturbances (5) .
During the deciduous dentition period, the AOB has been associated with environmental etiological factors, such as non-nutritive sucking habits and tongue-thrust (6) . Among children in the transitional dentition phase, the prevalence of the AOB is relatively low (7) , and there is a tendency towards further attenuation later on (8) . Nevertheless, it is still important to intercept deleterious oral habits that, if removed early enough, become less likely to induce irreversible malocclusions (9) .
To the best of our knowledge, there are only two systematic reviews that assessed the evidence regarding the early management of the AOB (10, 11) . Neither of them, however, could strongly support any evidence-based conclusion, due to significant methodological issues found in the selected studies. In addition, treatment protocols aiming to eliminate deleterious oral habits were only superficially considered in those reviews (10, 11) .
Another recent systematic review (12) , however, has been performed to evaluate the effects of interventions for the cessation of habits. Even though it was reported that orthodontic devices are effective in the interception of habits, their effectiveness in the correction of the AOB was not satisfactorily evaluated.
Objectives
The objective of this review was to provide a literature synthesis evaluating dental and/or skeletal open bite correction effectiveness in growing individuals with the use of habit-interception appliances.
Materials and methods
The Preferred Reporting Items for Systematic Reviews and MetaAnalysis (PRISMA) statement checklist (13) was used for conducting and reporting this review.
Protocol and registration
This review protocol was registered on the International Prospective Register of Systematic Reviews (14) (CRD42014014389). The referred protocol was originally conceived with the purpose of collecting the available evidences regarding all kinds of AOB early orthodontic treatment modalities, including habit-interception appliances. This manuscript is a partial report of it. The other part of the review has been recently published (15) .
Eligibility criteria
The titles and abstracts identified by the search were subjected to the following inclusion criteria:
1. Primary study objective to assess the effectiveness of any interceptive orthodontic therapy (including orthopedic and habitinterception appliances) for the treatment of AOB (negative overbite between upper and lower incisors) or hyperdivergent skeletal pattern (at least one altered vertical cephalometric skeletal parameter). 2. Randomized clinical trial (RCT) or non-randomized clinical trial (nRCT), if the control group (treated or non-treated) was matched to the experimental group according to occlusal (overbite) or skeletal status (at least one vertical cephalometric skeletal parameter). 3. Enrollment of the sample, as a whole, or any group of it with mean age under 18 years. 4. Report of changes in overbite or at least one vertical cephalometric skeletal parameter from baseline to post-treatment.
The following exclusion criteria were also considered during selection process: The strategy used for the electronic search included the following key words: 'open bite', 'open-bite', 'hyperdivergen*', 'dolichofac*', 'management', 'treatment', 'therapy', 'effective*', 'correction', 'change*', 'relapse', and 'stability'. Specific search strategies for each electronic database are outlined in Supplementary Appendix 1.
Eligibility of the articles was determined in two phases. In the first one, two authors (MFNF, NMI) searched electronic databases and pre-selected the studies that supposedly assessed the effectiveness of interceptive orthodontic therapies for the treatment of dental or skeletal open bite. If abstracts were unavailable or unclear, full texts were retrieved and reviewed before a definite decision was made. Once potentially eligible studies were selected, full documents were obtained for the second phase of the selection process.
In this phase, the same reviewers independently evaluated the pre-selected studies. The ones that did not meet all eligibility criteria were excluded. Disagreements between both reviewers were discussed until consensus was reached.
Data items and collection
Data collection was performed by two reviewers (MFNF, LGA) on standardized tables, and all of the authors reviewed the extracted information afterwards. Any inaccuracy or disagreement was resolved by re-examining the original document. The collected items are depicted at the Table 1 . If necessary, the authors of the selected studies were contacted and inquired about missing, unclear, or incomplete data.
Risk of bias in individual studies
Two reviewers (MFNF, NMI) appraised the selected studies according to two assessment tools. RCTs were assessed according to the Cochrane Collaboration's Risk of Bias tool (27) (Supplementary  Appendix 2) . According to the classifications, the study was characterized as having 'low', 'high' or 'unclear' risk of bias. nRCTs were evaluated considering the Methodological Index for Nonrandomized Trials (MINORS) (28) . The MINORS comprises 12 items, with the potential total score of 24 points (Supplementary ♀, Female; ♂, Male; yrs, years; VPCC, Vertical-pull chincup; NS, not statistically significant.
*Pre-treatment statistically significant (P < 0.05) differences on bold font, and absence of pre-treatment comparison on italic font. **Statistically significant (P < 0.05) changes on bold font, and absence of intra-group comparison on italic font. Table 1 .
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Appendix 3). If any differences arose during the quality appraisal of the studies, they were resolved through discussion between reviewers.
Summary measures
The overbite was designated as the primary outcome. Secondary outcomes included any vertical skeletal cephalometric parameter regarding mandibular or palatal plane inclinations, as well as variables that provided information regarding upper and lower incisors position (vertical, sagittal, axial inclination). All the outcomes means and standard deviations observed before and after treatment were reported, as well as the mean differences within and between groups.
Synthesis of results
Among the final selected studies, the ones that fulfilled the following requirements were considered for meta-analysis (29): 1. collection of at least three studies, without duplicity of subjects; 2. evaluation of similar therapeutic approaches and appliance designs; and 3. measurement of overbite, as an outcome.
Selection of the studies for meta-analysis was performed by two authors (MFNF, LGA) and, whenever divergences occurred, a third one (CFM) was consulted. The mean differences in the amount of overbite correction (mm) were considered for each study selected, and confidence intervals (95%) were calculated accordingly.
Risk of bias across studies and additional analyses
The heterogeneity among the included studies was determined with the calculation of I 2 . The software Review Manager 5.2 (30) was used to build forest plots. Publication bias, sensitivity analysis, and selective reporting within studies were not assessed, due to the limited number of studies included in the meta-analysis.
Results

Study selection
A total of 3491 records were initially identified through electronic searches. After hand searching of the preliminary screened articles, 65 studies were considered for full-text reading. Search updating did not result in further potentially relevant studies. After full-text readings, 33 studies were excluded (Supplementary Appendix 4), while 32 met the eligibility criteria (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) . In this present report, however, only 11 studies (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) , that assessed the effectiveness of habit-interception appliances, were considered among all the selected studies. The remaining 21 were analysed in another related publication (15) , which focused on the effectiveness of orthopedic/orthodontic appliances, without habit-interception purposes. A flowchart illustrating the selection of studies for this systematic review is presented in Figure 1 .
As a result of differences in appliance designs, and insufficient number of studies to be combined, only four studies (16, 17, 20, 21) , which all considered crib therapy, could be analysed through meta-analysis.
Study characteristics
With the exception of one study (16) , which investigated individuals with permanent dentition, all of the selected studies assembled patients in the mixed dentition phase ( Table 1 ). The time span between examinations varied substantially, and ranged from 3 months (16, 21) to more than 6 years (20) .
There were basically two types of habit-interception appliance, that is cribs (16) (17) (18) (19) (20) (21) (22) (23) (24) and spurs (25) . Cribs could be either fixed (16, (18) (19) (20) (21) (22) (23) (24) or removable (17, 22, 23) . Removable crib designs were associated with acrylic plates and retention components (17, 22, 23) . Fixed crib designs were either attached to wires that were welded to molar bands (16, 20, 21, 23) , or associated with the quad-helix expansion appliance (18-20, 22, 24) . Habit appliances were also associated with vertical-pull chin cup (17, 23, 25) . In addition to cribs and spurs, different appliance designs, such as the Bluegrass and the Myofunctional Trainer were covered as well (26) .
Risk of bias in individual studies
Out of the 11 selected studies, 2 were RCTs (16,17) and both presented 'high risk of bias'. The total quality scores of the nRCTs ranged from 17 (22, 26) to 20 (24) . Comprehensive quality appraisal considering specific methodological requirements is detailed in Tables 2 and 3 .
Results of individual studies
Treatment with crib appliances
All of the studies that assessed the effectiveness of the crib therapy demonstrated that it significantly increased the overbite when compared to untreated controls, regardless the appliance design (16-18, 20, 21) (Table 1 ). The positive effect of this therapeutic approach on overbite correction was still present after 3 (19) and 5 years of follow-up (20) .
In addition to the decrease in the AOB, Villa and Cisneros (16) observed significant improvement of upper and lower incisors inclination. Ferreira (17) and Cozza et al. (18) also observed a significant alteration of the inclination of the incisors long axis, in addition to palatine/lingual horizontal movements. Furthermore, both studies (17, 18) reported upper and lower incisors significant extrusion. However, Mucedero et al. (20) demonstrated that only the lower incisor axial inclination was changed after crib therapy.
The long-term effects of the same treatment protocol were further tested (19, 20) and the data demonstrated that the extrusion of upper and lower incisors was maintained after, approximately, 3 years (19). After 5 years of follow-up (20) , however, no dental differences were verified between treated and untreated groups, whether angular, horizontal, or vertical.
The skeletal effects derived from the use of cribs were not uniform among the studies. While one of the studies (17) did not report any significant skeletal change, another one (18) demonstrated a significant clockwise rotation of the palatal plane in addition to a significant decrease in the angulation between this plane and the mandibular one. These effects were still present after long-term follow-up evaluations (19, 20) . However, none of the studies that tested crib therapeutic effects demonstrated significant changes regarding the inclination of the mandibular plane in relation to the cranial base, whether on short- (17, 18, 20) or long-term analysis (19, 20) .
When removable and fixed cribs were compared, results regarding AOB correction were contrasting (22, 23) . Unlike Giuntini et al. (22) , which did not observe significant differences between fixed and removable appliances, Torres (23) observed that fixed crib is significantly more effective than the removable appliance in the correction of AOB.
Both studies (22, 23) observed that upper incisors retracted significantly more in the removable appliance group, even though more extrusion was observed for the patients treated with fixed crib (23) . No relevant differences were observed in relation to the horizontal movement of the upper incisors or any spatial change of the lower incisors on both studies (22, 23) .
As for the skeletal effects, Giuntini et al. (22) reported that the fixed crib therapy produced greater downward rotation of the palatal plane when compared with the removable crib. In addition, there was a significant reduction in the palatal plane-mandibular plane angle in the individuals that used the fixed appliance (22) .
The use of the fixed quad-helix crib was also compared with the open bite Bionator, and the authors (24) demonstrated that the former is more effective than the latter in the correction of AOB. In addition, patients that underwent crib therapy experienced significantly more extrusion of the upper incisors than the ones undergoing functional therapy (24) .
Treatment with other appliances
The only study that evaluated the effectiveness of spurs (25) showed that this appliance might be effective for the correction of AOB malocclusion. The significant dental effects related to the use of spurs also included reduction of the inclination of upper incisors and extrusion of upper and lower incisors, with no horizontal relevant alterations (25) . Even though the spurs were associated with VPCC, no skeletal effects were observed regarding the inclination of both palatal and mandibular planes (25) .
And finally, Suwwan (26) conducted a clinical study comparing the Bluegrass appliance with the Myofunctional Trainer. Even though both therapies resulted in a significant improve in overbite, the comparative analysis did not indicate one of them as significantly more effective.
Synthesis of results
According to the meta-analysis performed with four studies (16, 17, 20, 21) patients who were treated with cribs presented a consistent increase in overbite (mean: 3.1 mm, confidence interval: 2.50-3.75 mm), when compared to untreated patients (P ≤ 0.001) (Figure 2 ). Such result indicates that these appliances are effective in reducing AOB during early orthodontic treatment of growing individuals.
Risk of bias across studies
The I 2 value was used to test the heterogeneity between the selected studies combined in the meta-analysis (16, 17, 20, 21) and it was 60.44%. In this present meta-analysis, a random-effect model was used, after considering the heterogeneity of the selected studies designs and methodology (16, 17, 20, 21) .
Discussion
Summary of evidence
Based on the available literature, crib appliances could effectively decrease, by approximately 3 mm, the AOB of growing patients (16, 17, 20, 21) . Those effects were present on short-term period of time (16-18, 20, 21) , and were considered to be stable (19, 20) .
According to most of these studies (18-21), thumb-sucking habit was effectively discontinued after crib appliance therapy. This consequence might have been reinforced by cribs potential ability in modifying tongue posture (52) , allowing incisors to retract and extrude. The positive dental effects described in those studies (16) (17) (18) 20) included the beneficial rotation of the incisors (16) (17) (18) 20) , their horizontal backward displacement (17, 18) and extrusion (17, 18) . However, long-term follow-up evaluations demonstrated that most of these dental effects, especially the incisors axial and sagittal displacements, are lost during retention and post-retention phases (19, 20) . Still, the resultant extrusion of the incisors cannot be discarded as one of the potential factors associated with the reported stability of the AOB correction, as demonstrated by Cozza et al. (19) .
In addition to the maintenance of the vertical position of the incisors over time (19) , the documented stability of the AOB correction (19, 20) might be potentially attributed to favourable skeletal changes produced by crib appliances (18) (19) (20) . Short-term clockwise rotation of the palatal plane and the resultant decrease in the angulation between palatal and mandibular planes (18, 19) were reported to be stable as well (19, 20) . However, one RCT (17) could not find any significant skeletal effect derived from the crib therapy. The controversy between that study (17) and the other ones (17) (18) (19) (20) could be attributed to differences related to the period of observation or to the different cephalometric measurements. Hence, further prospectively designed studies with adequate and contemporary groups and long-term follow-up are still warranted.
Furthermore, it is important to highlight that the crib appliance designs considered thus far (16, (18) (19) (20) (21) are different; and that fact, Giuntini et al. per se, demands careful attention from readers and researchers, before any conclusion is extrapolated. For instance, the authors of this systematic review encourage the performance of a well-designed RCT comparing the effectiveness of the crib therapy, as a sole appliance, with the effectiveness of this appliance associated with VPCC. Even though this combined therapeutic modality has been demonstrated to be effective (17) , the supplementary impact of VPCC remains unknown.
The comparative analysis between removable and fixed cribs was performed by two selected studies (22, 23) . However, both trials presented contrasting results, and there were no consistent findings pointing to a more effective design or emphasizing specific dental and skeletal effects. While Torres (23) indicated that fixed cribs are significantly more effective, Giuntini et al. (22) detected no differences between groups. In contrast, the same authors (22) reported that fixed cribs produced better vertical skeletal results, with a significantly higher clockwise rotation of the palatal plane and a consequent decrease of the divergence between palatal and mandibular planes. The controversy could be, again, attributed to design differences or follow-up periods. Still, since removable cribs do not appear to be more effective than fixed ones, it is recommended the preferable use of fixed designs rather than removable ones. Unless patients demonstrate poor oral hygiene or increased likelihood to develop caries lesions, it is generally preferable not to depend on patients' cooperation.
Among the studies included in this report, only one investigated the use of spurs for the treatment of AOB (25) . According to this study (25) , the combined use of bonded spurs and VPCC is effective and produces both upper and lower incisors extrusion. That finding reinforces previous assumptions (53, 54) according to which spurs stimulate a proprioceptive modification and a new normal tongue posture, ultimately allowing the incisors to favourably move. Even though the study collected here might be considered a high-quality nRCT (25) , the authors do not consider that it provided definite evidence. Future studies are still required in order to confirm or refute spurs effectiveness.
A small clinical trial (26) demonstrated positive results for Bluegrass and Myofunctional Trainer appliances. However, the number of participants enrolled in this study (26) was very low to enable any consistent conclusion regarding those appliances. Larger controlled clinical trials are still required.
Limitations
Data extraction and qualitative analyses, generally performed on descriptive systematic reviews, present significant disadvantages in relation to meta-analytic reviews, since it potentially neglects study heterogeneity and disregards data weight (55) (56) (57) . The results presented here must be, therefore, interpreted with cautions, since only few studies (16, 17, 20, 21) were combined in the meta-analysis.
Moreover, these studies had diverse designs, that is randomized (16, 17) and non-randomized (20, 21) . When mean AOB correction observed in RCTs (16, 17) and in nRCTs (20, 21 ) was compared, it was observed that RCTs actually detected a relatively higher effectiveness of crib appliances than nRCTs (4.32 mm versus 2.39 mm), which reinforces the assumption that diverse study designs might generate different results. In any event, all four studies included in the meta-analysis (16, 17, 20, 21) agree in the direction of the effect. Consistency among studies is a key consideration when considering available evidence.
Another limitation regards to the fact that two of these studies (16, 21) evaluated overbite correction using study models, while the other two (17, 20) carried out measurements on cephalograms. However, the authors believe that radiographic image enlargement (approximately 10%) (58) , if ever present, is clinically irrelevant, and should not prevent meta-analysis from being performed. In addition, since all of the studies indicated significant overbite improvements (16, 17, 20, 21) , the authors still consider that it is safe to suggest crib effectiveness.
The present systematic review did not extract all of the variables reported in the original studies, and conclusions were based on few vertical skeletal measurements, overbite correction, and incisors displacements. Therefore, the authors encourage readers to retrieve the original documents, if any other cephalometric or dental variable is of their interest.
This manuscript also did not consider therapies involving functional oral exercises. The role played by orofacial myofunctional therapies is still grounded on limited literature (59) . Therefore, RCTs are still recommended in order to verify whether there are significant supplementary effects of orofacial myofunctional therapies in the correction of AOB.
In conclusion, this systematic review with a meta-analysis suggested that crib therapy could be considered as an effective treatment for the correction of AOB in growing patients, with the approximate increase of 3 mm in overbite. Crib therapy stability and its skeletal effects still need further clarification. The supplementary effect VPCC as an adjunctive therapy for crib remains unknown. Other habit-interception appliances, such as spurs, still cannot be regarded as effective, according to the available literature.
